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InTRoduCTIon
Posterior fossa arteriovenous malformations (AVMs) supplied by the vertebrobasilar system are traditionally regarded as rare lesions and originally thought to comprise only 7-15% of malformations in the major series of patients (3, 25) . Multivariate analyses targeted at elucidating the relationship between infratentorial location and hemorrhagic presentation have found that posterior fossa AVMs are more likely to present with hemorrhagic or cerebellar findings and are rarely accompanied by seizures (3, 8, 9, 14, 21, 28, 31) . However, there seems to be no general agreement on the selection of treatment modality for individual patients, and to our knowledge, no reports have been published on infratentorial AVM cases accompanied by a cerebellar hematoma. The purpose of the present study was to test the correlation between hematoma volume and outcome in ruptured arteriovenous malformations.
MATERIAL And METHodS
Patients
During an 11-year period between January 1998 and January 2009 at the Sisli Etfal Training and Research Hospital Neurosurgery Clinic, 127 microsurgery operations were performed on patients with intracranial AVM. Among these patients, fifteen (11.8 %) were identified as suffering from a posterior fossa AVM. Twelve of these fifteen patients displayed cerebellar AVM accompanied by cerebellar hematoma ( Figure 1A -F, 2A-F). Patients were between 19 and 57 years of age (mean 28.3 years). Seven of the cases (58.3%) were male, and five (41.7%) were female. Left and right cerebellar hemorrhages were present in 8 (66.6%) and 4 (33.4%) of the cases, respectively (Table I ).
Protocol
Our management protocol was based on the degree of 4th ventricular compression, hematoma volume observed on the initial computed tomography (CT) scan, and the GCS score at the time of treatment. Magnetic resonance imaging (MRI) and digital subtraction angiography (DSA) were performed on all patients. The appearance of the fourth ventricle adjacent to the hematoma, based on CT scans, was divided into the following three grades: Grade 1: normal, Grade 2: compressed, and Grade 3: disappeared (completely effaced). Various features on the first CT scan following presentation were also evaluated, including the presence or absence of hydrocephalus, the location of the hematoma (whether occupying the cerebellar hemisphere or the vermis) and the presence or absence of intraventricular hemorrhage. The volume of the hematoma was measured by calculating the area occupied by the hyperdense hematoma on each slice of the CT images and multiplying the area by the thickness of each slice. Volume was calculated according to the dimensions measured in the axial CT scans (height x width x length x 0.5). AVMs were classified according to the Spetzler-Martin Grading (SMG) system. Hematoma volume and Glasgow coma score (GCS) also affected the surgical decision. Urgent surgery was suggested according to the following criteria: all Grade 3 hematomas, Grade 2 hematomas with GCS ≤ 10, or size of hematoma > 3 cm.
Surgical Method
All patients were operated on using a midline or paramedian suboccipital craniectomy and the microsurgical technique by the senior author (YA) and were monitored at the intensive care unit. The surgical technique used was similar to the supratentorial craniotomy. AVMs and the underlying parenchyma were first inspected to identify the superficial arterial inflow and venous outflow, which are correlated with the preoperative MRI and angiogram. Dissection was facilitated by the gliotic plane, which usually forms between the AVM and normal parenchyma, as well as by previous hemorrhage cavities. Care was taken to spare large veins draining the vascular malformation, with dissection often continuing under or around such vessels. Following complete dissection of the AVM and interruption of all arterial inflow, venous drainage can then be safely divided and the AVM removed.
Routine cranial CT scans were performed 48 hours following the operation for standardized documentation of treatmentrelated complications. Any residual AVM was investigated within two weeks of surgery by DSA and MRI. Follow-ups occurred regularly for all patients at intervals of 1, 6, and 12 months and annually thereafter. The mean follow-up period for patients was 32 months (between 1 and 9 years).
Patients were assessed according to a modified Rankin Scale (mRS) prior to and following surgery: mRS Grade 0: no symptoms, Grade 1: no significant disability, Grade 2: slight disability, Grade 3: moderate disability, Grade 4: moderate severe disability, Grade 5: severe disability, or Grade 6: death. A favorable outcome was defined as an mRS score of 0, 1 or 2. Morbidity was defined as an mRS score of 3, 4 or 5 (moderate to severe neurological disability) during the first postoperative year.
The correlations of post-operative mRS scores with preoperative mRS scores, Spetzler Martin Grading and hematoma volume were assessed.
Statistical analysis
Statistical analyses were carried out with a NCSS 2007 package program. To statistically evaluate descriptive data (average, standard deviation) as well as preoperative and postoperative mRS assessments, the Wilcoxon test was applied to determine the relationship between variables where the Spearman correlation test was used. Results and significance levels were assessed. Significance was defined as p<0.05.
RESuLTS
The distribution of the AVM feeding vessels is shown in Table I . In 5 patients, the feeding artery was the superior cerebellar artery (SCA); in 3 patients, it was the SCA and anterior inferior cerebellar artery (AICA); and in 1 patient, it Table I . In 6 cases, drainage was through the transverse sinus; in 3 cases, it was through the superior petrosal sinus; and in 1 patient, it was through the inferior hemispheric vein, deep cerebral vein and strait sinus. Aneurysms were not an accompanying finding in any of these cases.
The mean duration of bleeding prior to surgery was 7.3 days (between 1 and 11 days). The sizes of the cerebellar hematomas ranged from 2 cm to 7 cm. The degree of fourth ventricular compression was correlated with the size and volume of the hematoma and the presenting GCS score.
As determined by the degree of compression in the 4th ventricle, cerebellar hematomas were assessed as Grade I in 4 cases, Grade II in 6 cases and Grade III in 2 cases. Two patients with Grade III hematoma were operated upon immediately. Due to the development of hydrocephaly in a patient with a Grade II hematoma and a progressive neurological deficit in another patient with a Grade II hematoma, these patients were operated on on Day 2 and Day 3, respectively. The eight remaining cases were operated on between the tenth and thirteenth day of bleeding. The mean total period of the operation was between 3 and 7 hours. Postoperative hydrocephaly developed in 2 patients with Grade 3 hematomas, whereas a shunt was inserted in another. No shunt was required in the other patient, however, due to the moderate degree of his hydrocephaly.
Based on the SMG system, four cases were assessed as Grade I (33.3%), five cases as Grade II (41.6%), two cases as Grade III (16.6%) (Figure 2A-F) , and one case as Grade IV (8%) ( Figure   1A -F). No cases were assessed as Grade V (0%) ( Table II) . After thorough investigation of patients' control angiograms, it was observed that eleven AVMs were totally excised. One case with a residual AVM was treated using a gamma knife. Table III shows the clinical outcome of 12 patients according to the mRS at postoperative month 32. In preoperative assessments, 7 cases (58.5%) had favorable outcomes, and in 
Microsurgery
In AVM cases with a history of hemorrhage, microsurgery must be the primary and preferred method to protect the patient from re-bleeding and progressive neurological damage. Microsurgical resection, when it can be performed safely, is the gold standard treatment for posterior fossa AVM with hematoma. It has two advantages: the evacuation of the devastating hematoma and the excision of the AVM (3, 14, 25) . AVMs with posterior fossa hematomas, because of their localization, may require urgent evaluation and surgical intervention. Previous data suggest that hematomas less than 3 cm in size and without fourth ventricular compression can be managed conservatively or by means of ventricular drainage if hydrocephalus exists and requires treatment (3, 14, 22, 25) . Accordingly, we urgently operated upon 4 patients on either the same day (2 patients) or on the 2nd and 3rd days (2 patients). The remaining eight cases were operated on the ten to thirteenth days of bleeding.
In some special situations, other therapeutic techniques may be helpful. There is certainly a well-established role for adjunctive endovascular embolization of some AVMs. Clearly, there are also specific situations, such as small, deep AVMs in delicate brainstem structures, in which microsurgery should not be used as the primary treatment modality; stereotactic radiosurgery and occasionally embolization (if there is reasonable expectation of complete obliteration by embolization) are the preferred treatment options in these cases (7, 22, 25, 30, 36) .
Infratentorial AVM hemorrhage
Infratentorial AVMs are more likely to be present with hemorrhage, and rarely present with seizures. 
dISCuSSIon
The aim of this study was to review the existing evidence supporting surgical evacuation of AVM hematomas in the posterior fossa. In the absence of clinical trials on this field, data derived from clinical series suggest that the level of consciousness, the size of the hematoma, the presence of hydrocephalus and the compression of the posterior fossa CSF-containing spaces are the main criteria to be considered when deciding case management. Fourth ventricle compression seems to be the best indicator of the last of these parameters (3, 22) .
Current management
Current treatments for AVMs include microsurgical resection only, preoperative endovascular embolization followed by microsurgical resection, stereotactic radiosurgery only, preprocedural endovascular embolization followed by radiosurgical treatment, endovascular embolization only, and observation only (3,13,14,31). 
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AVMs that demonstrate a correlation between the incidence of hemorrhage and an increased risk of subsequent rupture (6, 10, 11, 12, 17, 24, 27, 34, 35) . Mast et al. (18) demonstrated very high annual ratios, up to 17.8%, with respect to bleeding events in hemorrhage patients. In the present study, rehemorrhage was not observed during the follow-up period.
Postoperative recurrent hemorrhage can be fatal (20, 33) , but death may also occur in patients treated conservatively (4). The most serious complication following posterior fossa AVM surgery is hemorrhage from residual fragments of an AVM or from insecure hemostasis. An unrecognized, small, residual AVM is most frequently the source of bleeding as the necessity to excise the AVM on a plane very close to its margin creates the potential for leaving behind small remnants of the AVM. These residual AVMs represent a significant risk of hemorrhage because they are still arterialized and frequently disconnected from their venous drainage. When considering cerebral AVMs, it is important to keep in mind that the treatment is most frequently aimed at preventing future hemorrhaging.
In general, the risk of an AVM hemorrhaging, whether it has previously bled or not, is approximately 3 to 4% per year (2) . Following a hemorrhage, the risk is approximately 6% during the first 6 months, after which it decreases to approximately 3 to 4% per year, which is the same hemorrhage risk for AVMs that have never bled (2). The ideal treatment for posterior fossa AVMs with hemorrhage is microsurgical excision, and we suggest that microsurgical excision immediately eliminates the risk of future hemorrhage. Therefore, in general, we recommend surgical excision of the posterior fossa AVM with the hematoma in patients who are relatively young and in good health.
RAdIoSuRGERY
Indications:
Stereotactic radiosurgery is ideal for small (<3 cm) AVMs located in critical areas of the brain, in which the morbidity of surgical excision would be considered unacceptable. It is also a good treatment choice for patients whose age or comorbidities make the risk of general anesthesia unacceptable.
disadvantages:
Radiosurgery is not therapeutically effective for all lesions. AVMs in or adjacent to functional brain tissue have a higher risk of radiation injury. We suggest that radiosurgery cannot be effective in patients with ruptured AVM accompanied with posterior fossa hematoma because the pressure from the mass of the hemorrhage may produce a neurological deficit. Surgical evacuation of the hemorrhage will resolve that pressure and neurological deficit (24) . 
EMBoLIZATIon Indications
Hematoma volume
Hematoma volume is a significant factor in surgical indications. Usually, authors state that they operate on patients who have hematomas larger than 3 cm in size and greater than 15 ml in volume (5, 16) . In this study, cerebellar hematomas resulting from ruptured AVMs were present in all 12 cases. When blood volume and clinical status were considered, four cases underwent urgent surgery. The degree of fourth ventricular compression was correlated with the size and volume of the hematoma and the presenting GCS score.
Compression of the fourth ventricle
We reemphasize that the management protocol in this study of ruptured AVMs accompanied with posterior fossa hematomas was based on the initial CT appearance following hemorrhage. Severe compression of the fourth ventricle (Grade III) on the initial CT scans was associated with low GCS scores at presentation and poor outcomes (33) . The fourth ventricular appearance grades were well-correlated with hematoma volumes and clinical courses. Areas of swelling surrounding hematomas or exerting mass effects would also affect the fourth ventricular grade. These findings indicate the possible value of this radiological sign as an indicator of the degree of brainstem compression. Some authors regard the hydrocephalus that results from the AVM as an indication of brainstem compression (19, 32, 34) . In this study, cerebellar hematomas were assessed as Grade I in four cases, Grade II in 6 cases or Grade III in 2 cases according to compression of the 4th ventricle.
When patients were reviewed according to their preoperative mRS score, 7 (58.5%) cases had a favorable score, while 11 cases (92%) demonstrated a favorable postoperative outcome. Five cases (41.5%) had a preoperative morbidity score, whereas 1 case (8%) had the same score postoperatively. In one case in which the hematoma had ruptured into the fourth ventricle, the presence of CSF surrounding the incompressible intraventricular clot was noted, and obstructive hydrocephalus was observed at a later time.
Postoperative Complications
Re-hemorrhage
Re-hemorrhage is considered the most common reason for mortality (1) . There are many studies on posterior fossa AVM may have been the source of hemorrhage. Embolization can also be used to obliterate deep arterial pedicles that are inaccessible during the early surgical exposure. We frequently use embolization to reduce blood flow and to make surgery safer for AVMs that are either in or adjacent to critical areas of the brain.
disadvantages:
Despite some preconceived notions, endovascular procedures are not truly noninvasive, innocuous, or risk-free, as emphasized above. These procedures are frequently long and uncomfortable and may require general anesthesia with all of its associated risks (17) . The risks of embolization include cerebellar infarcts from inadvertent obliteration of penetrating arteries or vessels en passage, AVM rupture from occlusion of draining veins before feeding arteries, and hemorrhage from perforation of proximal arteries by either the guidewire or the microcatheters. Previous embolization is actually a negative predictor of successful AVM radiosurgery, and some consider it to be contraindicated prior to radiosurgery (24) . Embolization may not be useful in patients with ruptured posterior fossa AVM accompanied with hematoma because the mass from the hemorrhage should be alleviated urgently.
ConCLuSIonS
Posterior fossa AVM with hematomas with any threatened mass effect should be operated on an urgent basis, but decision-making in the management of these hematomas requires careful consideration and interpretation of the various criteria. The configuration of the fourth ventricle on CT scans is a useful measure for the selection of the appropriate surgical procedure, compared with estimation of the size of the hematoma and/or evaluation of the quadrigeminal cistern. This study suggests that the ideal treatment for posterior fossa AVMs with hemorrhage is microsurgical excision given that that there is a correlation between hematoma volume and outcome. Neurological outcomes following surgical treatment of cerebellar AVM with hematoma is dependent on the size and anatomical position of hematoma as well as the excised nidus. These findings demonstrate the importance of surgery, and we suggest that microsurgical excision immediately eliminates the risk of future hemorrhage and alleviates the compressing effect of the hemorrhage.
